Abstract
Introduction

54
Many ecologists and environmental scientists are striving to find management solutions 55 to urgent global environmental issues, including climatic change, habitat loss and fragmentation, 56 pollution and contamination, disease outbreaks, and the spread of invasive species. Among many 57 suggested strategies, one of the most popular has been to adopt monitoring techniques that can 58 detect ecological changes both at an early stage and over the long term. Such biological 59 monitoring allows for better-informed and more cost-effective management decisions (Landress, 60 1988; Spellerberg, 2005) .
61
Indicator Species (IS) are living organisms that are easily monitored and whose status 62 reflects or predicts the condition(s) of the environment where they are found (Landress, 1988;  5 goals) are vague; the influences of other biological interactions at the community level (e.g. 
100
This focused review of the literature of this journal allowed us to narrow our scope to a single research area, and the objective of the IS study. We also noted country or geographic region of 135 study and whether the research involved using indicators to assess the impacts of climatic change. (Fig. 1) . The use of IS has been widely adopted around the world; publications described 144 studies from more than 53 countries and on six continents. Approximately 50% of the studies 145 described by these articles were done in Europe, 30% in North America, and the rest (20%) 146 conducted in Africa, Asia, Australia and South America. 
Indicator species terminology, application and usage in climate change
149
Generally, four terms were used interchangeably to describe the use of biological 150 organisms as ecological indicators in research or management (Table 1) . Most papers (345; 40%) 151 used the term "ecological index" or "environmental index" to describe the use of a broad number 152 of indicators species. More specific terms, such as "indicator species" (group of species) were 153 used in many publications (28%), especially for those focused on early warning applications and 154 ecosystem management and restoration. Other terms, including "biomonitor" and "bioindicator",
155
were used in 15% and 17% of publications respectively.
156
Indicator species have been adopted for a wide range of ecological and environmental 157 applications (Table 1) . Their most frequent use (42%) was for the assessment of environmental that only 6% of the IS discussed in these papers were focused on monitoring for climatic change.
164
Fewer than 2% of the papers we reviewed were classified as synthesis research. These wetland health. Although only 4% of publications described studies using mammals in 177 ecological monitoring, fish (16%) and birds (10%) were used more frequently, particularly for 178 assessing pollution and radionuclide contamination, water quality, and marine stock changes.
179
Amphibians and reptiles ("herpetofauna") were only used in about 1% of IS studies.
180
Temporal trends in type of IS also were apparent (Fig. 3A) . Plants and invertebrates have (Fig. 3C) . The use of IS in wetland systems has remained close to 60% (declining to < 194 50% in 2014), approximately 40% in terrestrial systems (increasing to just over 50% in 2014).
195
The remaining 10% has been split between the atmosphere and "multiple" habitats. There also are revealing trends in the literature (Fig. 3) that suggest ways to improve how 223 indicator species are studied and developed. For example, there has been a steady increase in the 224 use of single species in the last nine years and a continued emphasis on invertebrates and plants. 
Selection and use of indicator species in ecological monitoring:
253
We suggest a 5-step process (Fig. 6 ) by which indicator species or a group of IS should be Indicator species: One or more taxa selected based on its sensitivity to a particular environmental attribute, and then assessed to make inferences about that attribute. Commonly used in the context of wildlife conservation, habitat management and ecosystem restoration (Simberloff, 1998; Morrison, 2009; Caro, 2010) .
Bioindicator / Biomonitor: One or more living organisms used as an indicator of the quality of the environment it is living in and the biological component associated with it. Bioindicators or biomonitors are used most commonly to monitor chemical changes in the environment in fields such as ecotoxicology (Burger, 2006) .
Umbrella species:
A species that requires a large area of suitable habitat to maintain a viable population, and whose requirements for persistence are believed to encapsulate those of an array of associated species. Umbrella species usually have very large home ranges. As indicator species, umbrella species are used most commonly for conservation applications and management of protected areas (Simberloff, 1998 and Morrison, 2009; Caro, 2010) .
Keystone species: A species on which the health of the ecosystem depends, due to its strong interactions with other species in that ecosystem. As indicator species, keystone species are used most commonly for monitoring habitat quality, restoration success and protected areas management (Simberloff, 1998; Ellison et al., 2005; Morrison, 2009; Caro, 2010) .
Flagship species:
A species that can easily attract public support based on its charismatic qualities and its conservation status. As indicator species, flagship species are used most commonly for identifying and monitoring conservation status of the species (Simberloff, 1998; Morrison, 2009; Caro, 2010) .
Ecosystem engineer: A species that causes physical changes in biotic or abiotic materials, thereby modulating the availability of resources to other species. As indicator species, ecosystem engineers are used most commonly for ecosystem restorations and conservation (Jones et al., 1994; Morrison, 2009 ).
Foundation species:
A species that defines much of the structure of a community by creating locally stable conditions for other species, and by modulating and stabilizing fundamental ecosystem processes. As indicator species, foundation species are used most commonly for monitoring ecosystem changes (Ellison et al. 2005 ). and common related state covariates within the monitoring cycle.
